Six patients with histologically verified gliomas of the conus medullaris (two astrocytomas, two ependymomas, two myxopapillary ependymomas) were diag nosed and studied. There were four men and two women ranging in age from 23 to 47 years. Predominant initial symptoms were back pain (four cases) and leg weakness (two cases). The most common findings on admission were flaccid paparesis with impaired sensation and bladder dysfunction. Postoperative MR images with more than 95% removal of a tumour were defined as 'subtotal removal' (noted in two of six cases), and less than 95% as 'partial removal' (four of six cases). All patients had postoperative radiotherapy, and the two patients with an astrocytoma underwent chemotherapy. During the follow up period ranging from 2 to 7 years, there was no tumour recurrence or regrowth on MR images except in a patient with a malignant astrocytoma, who indeed died from intracranial dissemination 2 years after surgery. Adjuvant therapy following the excision of a spinal glioma is also discussed.
Introduction
Spinal cord gliomas comprise the majority of intramedullary cord tumours. 1 At the conus medullaris, the incidence was ex pected to be 26% out of all spinal cord gliomas.1 They often show characteristic clinical, radiological, and intraoperative features which differ from gliomas involving other parts of the spinal cord. The purpose of this paper is (1) to describe the clinical, radiological and surgical aspects based on six patients with gliomas of the conus medullaris; (2) to report the longest 7 years' surgical follow up results with precise deter mination of either the subtotal or partial tumour removal by means of pre-and postoperative magnetic resonance (MR) im ages; and (3) to discuss adjuvant radio therapy and chemotherapy after the re moval of the glioma of the conus medullaris of the spinal cord.
Clinical materials and methods
From January 1982 to April 1992, 57 patients with intramedullary tumours were admitted and surgically treated, and 31 gliomas were histologically verified in our department. In six patients, the gliomas were located in the conus medullaris; there were four men and two women ranging in age from 23 to 47 years (mean 37 years). These patients form the basis of this study.
Clinical summary
The clinical course of all the patients was slow but progressive (Table I) . Regarding the initial symptoms, four patients pre sented with back pain, one with monopare sis of the right leg, and one with paraparesis. Two patients had been diagnosed as having a herniated lumbar intervertebral disc and were operated on in another hospital. The duration of the symptoms was from 1 to 17 years (median 6 years). On admission, all patients had a flaccid paraparesis, gait dis turbances, and sensory disturbances below the level of the tumour. Five patients had urinary bladder dysfunction.
Radiological study
A preoperative radiological evaluation included plain spine films and computerised Table II .
Surgical procedures
Surgery was performed with the patient in the prone position, with somatosensory evoked potential (SSEP) monitoring from the anal sphincter. Laminectomy was per formed over the location of the tumour. After the laminectomy, ultrasonography was used to identify the tumour and the cyst.
With the aid of an operating microscope, a midline dural incision was made leaving
the arachnoid intact. After cutting the arachnoid, a midline myelotomy was per formed using sharp dissection with minimal coagulation of the small pial vessels crossing over the dorsal midline. Pial traction sutures were used to keep the myelotomy edge open. Tumour removal was carried out using the bipolar coagulator and fine dissec tors.
Astrocytomas were so poorly defined from the normal cord that it was almost impossible to perform a total removal. Ependymomas were usually well circum scribed and easier than the astrocytomas to remove. However, at the level of the conus medullaris and filum terminale, the part of the exophytic enlargement of the tumour had strong adhesions with the nerve roots and the filum terminale (Figs 3, 4) , which made total removal difficult. The tumour cysts were easily defined. They contained xanthochromic fluid, produced presumably from the tumour. The dura was closed hermetically.
The extent of surgical resection was deter mined by postoperative MRI. Subtotal removal (more than 95%) was achieved in two patients, and partial removal (less than 95%) was achieved in the remaining four patients.
Pathology
The pathological diagnosis was: two astro cytoma (grades 2 and 3 respectively), two ependymoma, and two myxopapillary ependymoma. A summary of the location of the tumours, cyst, and cavities are sche matically illustrated in Figure 5 . Three out of four ependymomas had a cyst or cavity; one within the tumour (case 6), two in the cord cephalad to the tumour (cases 3 and 5).
All six patients had exophytic growth of the tumour.
Postoperative therapy
All patients underwent spinal irradiation with a linear accelerator using a localised P-A field, covering the field of plus one to two vertebral levels above and below the lesion. Doses varied from 30 to 50 Gy (median 44 Gy) ( Table III) . The usual fractionation was 2. 5 Gy /day, and all patients were irradiated 3 days a week.
Two patients with astrocytomas under went chemotherapy. ACNU (1-(4-Amino -2-methyl -5-pyridinyl) methyl-3-(2-chloro ethyl)-3-nitrosourea hydrochloride) was administered intravenously at a dose of 2 mg per kg of body weight. The first dose was given on the day when radiotherapy was started, and the maintenance dose of 1 mg per kg was given every 8 weeks after the first administration.
Results
The immediate postoperative results of the six cases were as follows: one improved, two unchanged, one worsened temporarily, and one worsened permanently. With a follow up from 2 to 7 years (Table III) catheterisation technique for urination; one patient (case 5), who had been using crutches for 6 months prior to surgery, showed an improvement in walking with crutches, and returned to his work as a
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physician; the other patient (case 6), can walk slowly and is doing rehabilitation exercise. A patient with an astrocytoma grade 3 died due to intracranial dissemina tion 2 years after operation.
Discussion
The complete removal of an intramedullary astrocytoma is often difficult due to infiltra tion into the cord tissue.2-5 However, excel lent results have been reported following a radical excision of ependymomas, which are often non infiltrative.3,6-9 In our series of conus medullaris gliomas, a complete removal of tumour, both of astrocytomas and ependymomas, was rather difficult. This was due to the fact that the majority of the tumours were large (the largest was 17 vertebrae in the cephalo caudal extent (case 5), the mean was 5.2 vertebrae) producing longstanding mechani cal compression, stretching and dislodge ment of the nerve roots (Fig 3) , with subsequent tight fibrous adhesions between the tumour and the nerve roots. Exophytic growth may be enhanced by these pro cesses.
Interestingly, the exophytic growth dif fered between the two types of neoplasms: the ependymomas (cases 3,4,5,6) showed predominantly vertical downward enlarge ment documented by MR images (Fig 1) and operative findings (Fig 5) ; the astro cytomas, although there were only two cases (cases 1, 2) showed predominantly not verti cal but lateral enlargement (Fig 5) . The ependymoma arising from the epen dymal or sub ependymal cells of the central canal, lIUl may explain why an exophytic enlargement of the ependymoma develops on the midvertical direction below the level of the conus medullaris.
Prior to the advent of microsurgical tech niques, radiation therapy was considered to be the major treatment of intramedullary glioma.
12,13
Some authors reported an excellent sur vival rate after surgery alone, 3 , 6-9 while others stress the benefit of the irradiation for patients with residual tumours.
10.11,14
Guidetti reported 19 patients with astro cytomas who received radiation after incom plete surgical excision: only one patient died as a result of tumour growth.8 Sonneland described 45 patients with myxopapillary ependymomas who underwent total re moval: seven (16%) recurred, and six had postoperative irradiation. 14 In our six cases, all had postoperative spinal irradiation and no recurrence was demonstrated on postoperative MR images with the shortest 2 years and longest 7 years follow up except for one case, who with a malignant grade 3 astrocytoma, died of intracranial dissemina tion 2 years after surgery. The remaining five tumours (one grade 2 astrocytoma, two ependymomas, and two myxopapillary ependymomas) were not removed completely, four were removed partially (less than 95%), and two were removed subtot ally (more than 95%). Regardless of the extent of surgical excision, no recurrence was noted in this follow up. Although the role of postoperative irradiation is still controversial, it may be said that radiation therapy provided a beneficial effect on preventing tumour regrowth from the re sults obtained in this series. For radio therapy, a localised field with a dose in the range of 40-50 Gy is recommended. [15] [16] [17] [18] [19] [20] Kopelson recommended that irradiation be given following either biopsy or subtotal removal and that a dose level of 45-50 Gy be given with the goal of long term tumour control. 16 Garcia reported that an increasing dose of radiation correlated with an increase in tumour control and survival. Of patients who received 40 Gy or more, 75% showed apparent control of the tumour. 1 5 Risk of radiation-induced injury to the spinal cord or to the cauda equina is rare with a fractionated administration of 40 or 50 Gy. 18 , 19 To our knowledge, no established method 
